Background: Low marital quality is associated with adverse health outcomes and lower personal well-being. Loneliness increases the risk of cardiovascular disease and mortality and predicts poor quality of life. The aim of this study was to investigate the association between marital quality and loneliness and subjective health status in primary percutaneous coronary intervention (pPCI) patients who underwent cardiac rehabilitation (CR). Design/methods: In a prospective cohort study, pPCI patients that followed CR were included between 2009-2011. A total of 223 patients responded to the Short Form 12 (SF-12) (subjective health status), Maudsley Marital Questionnaire (MMQ-6) (marital quality) and University of California, Los Angeles -Revised (UCLA-R) questionnaires at baseline (pre-CR) and at three months (post-CR) or at 12 months follow-up. Subjective health status is displayed by a physical component summary (PCS) score and a mental component summary (MCS) score. Generalized estimating equation (GEE) analyses were performed to test improvements in subjective health status. Results: Changes over time in subjective health status scores were similar between patients with optimal marital quality vs patients with less optimal marital quality and non-lonely patients vs lonely patients. The MCS level at one-year followup of both patients with less optimal marital quality and lonely patients was lower compared with a healthy Dutch population (respectively; mean MCS score 47.3 (standard deviation (SD) 10.5); p ¼ 0.013 and mean MCS score 46.1 (SD 11.2); p ¼ 0.010). Conclusion: Both patients with less optimal marital quality and lonely patients did not reach the MCS level of a healthy Dutch population. Therefore, extra care and support should be given to these patients in a CR programme.
Introduction
Cardiovascular disease is an important form of chronic disease that has a large contribution to mortality worldwide. 1 Chronic diseases such as cardiovascular disease are associated with lower levels of subjective health status. 2, 3 Metabolic factors like hypertension, hypercholesterolaemia and diabetes have been known to increase the risk of cardiovascular disease since the 20 th century. 4, 5 Interestingly, psychosocial risk factors (e.g. depression and anxiety) also increase the risk of coronary heart disease. 6 A recent paper has stated the importance of psychosocial risk factors in relation to cardiovascular disease and cardiac rehabilitation (CR). 7 Marital quality is a psychosocial factor that might have an influence on subjective health status in CR patients. It has been shown that marital communication, conflict and strain are associated with adverse health outcomes. 8 Being married has a beneficial effect on long term survival in coronary artery bypass graft (CABG) patients. Furthermore, a high-satisfaction marriage was associated with a significantly higher survival at 15 years follow-up than a low-satisfaction marriage. 9 A higher marital quality has also been shown to improve personal well-being. 10 Current numbers show that the divorce rate in the Netherlands increased from 3.0 per 1000 married couples in 1950, to 9.9 per 1000 married couples in 2013. 11 This makes marital quality an interesting parameter to investigate.
Another factor that might have an influence on the outcome of CR is loneliness. Loneliness is an important predictor of poor quality of life in older people. 12 Lonely patients are also at increased risk for cardiovascular disease and mortality. [13] [14] [15] The influence of marital quality and loneliness on subjective health status after CR is still unknown. The aim of the present study was to investigate the association between marital quality and loneliness and subjective health status in pPCI patients who underwent CR.
Methods

Patient population
From January 2009-March 2011 prospectively, a consecutive series of patients who participated in CR (Capri Cardiac Rehabilitation Rotterdam) following primary percutaneous coronary intervention (pPCI) after a myocardial infarction were included into this study. The study was approved by the local research ethics committee, the Medical Ethical Committee of the Erasmus Medical Center Rotterdam (MEC-2009-080 and MEC-2009-081). Moreover, this study was conducted according to the Helsinki Declaration. All patients consented participation in this study.
CR
Patients were referred to CR by their physician in conjunction with their own preference. The dropout was 20%. Referral to our rehabilitation centre was 38% of pPCI population in our region. In order to be eligible for inclusion, patients had to have completed at least half of the CR programme.
Data collection
All patients received a set of questionnaires before the start of CR (T 0 ), post-CR (T 3, three months later) and at follow-up; 12 months after the start of CR (T 12 ). When patients did not respond to the questionnaires, a postal reminder was sent out after four weeks.
Data on age, gender, risk factors (diabetes, smoking, hyperlipidaemia, hypertension, body mass index (BMI), family history), and medical history were obtained from the medical charts.
Marital quality (Maudsley Marital Questionnaire (MMQ-6))
Marital quality was assessed by a six-item Dutch version subscale of the MMQ-6. 16 The MMQ-6 consists of six questions, six-point Likert scale about marital strain, marital conflict and marital satisfaction. Maximum score is 36 and minimum score is zero. A higher score corresponded with lower marital quality.
Loneliness (UCLA-R)
Loneliness was assessed by a 10-item, four-point Likert scale Dutch version subscale of the University of California, Los Angeles -Revised (UCLA-R) Loneliness Scale. 17 Questions concern social relationships and personal feelings. Maximum score is 40 and minimum score is 10. A higher score corresponded with more feelings of loneliness.
Subjective health status (Short Form 12 (SF-12))
Subjective health status was measured with the SF-12, a widely used questionnaire, consisting of a physical component summary (PCS) score and a mental component summary (MCS) score. Maximum score is 100 for both the PCS and MCS, mean score 50 in a normative Dutch population. 18 A higher score indicates a better health status. The Dutch version of the SF-12 health status scale was used, coupled with the normative data available for the Dutch population. 18, 19 
Statistical analysis
Analyses were carried out for patients with complete questionnaires at minimally two measurement times (n ¼ 223). Patients with no answers at baseline were excluded from analysis, patients with no answers at both post-CR and one-year follow up were also excluded from analysis.
Descriptive statistics were used to present baseline characteristics. Categorical variables were summarized as percentages, continuous variables as means with standard deviation (SD). The Chi-square test or student's t-test was used to calculate baseline differences between groups.
To distinguish between optimal marital quality and less optimal marital quality, the sum of the MMQscores at baseline was calculated. This score was then dichotomized, wherein the two highest tertiles (sum of scores) corresponded with less optimal marital quality and the lowest tertile (sum of scores ¼ 0) corresponded with optimal marital quality.
The sum of the UCLA-R scores at baseline was also calculated and dichotomized. The two lowest tertiles (sum of scores 10-20) corresponded with non-lonely patients and the highest tertile (sum of scores > 20) corresponded with lonely patients.
An imputation method was performed in case of missing items. 20 Mean imputation was used to impute missing data for MMQ-6 and UCLA-R.
A one sample t-test was used to compare PCS and MCS scores at one-year follow-up with the subjective health status level of 50 points of the Dutch normative population.
To estimate changes in PCS and MCS between groups, GEE analyses were performed, with PCS and MCS as dependent outcome variables and time and group as categorical predictors. A GEE model was chosen because corrections are made for the dependency of observations within one individual. 21 Because time points were unequally spaced, an autoregressive structure was used in all models. The dependent variables, PCS and MCS, violated the normality assumption, therefore a log link function was selected. For the dependent variable, outcomes are displayed as the exponent of the regression coefficients Exp(B), which indicates the change in percentage in the dependent variable that is associated with an increase in the specified factor unit. A multivariate GEE model was used to test differences in subjective health status scores between groups over time (optimal marital quality vs less optimal marital quality and non-lonely patients vs. lonely patients). Confounders were selected a`priori and include; age, sex, diabetes and a history of cardiovascular disease. In case of significant differences between groups, an interaction variable between group allocation and measurement time was added to the model. In this way, we corrected for potential baseline differences. A two-sided p value of <0.05 was considered significant. All analyses were performed using SPSS version 21.
Results
Patient flow
Of the 404 patients who were sent a mailing, 297 (73.5%) patients completed the SF-12, MMQ and UCLA-R at baseline (Figure 1 ). Since the outcome of this research is based on the SF-12 questionnaire, patients with >3 items missing at baseline and patients with >3 items missing at all measurement intervals were excluded from analysis. Ultimately, 223 patients were included in the analysis.
Baseline characteristics
Baseline characteristics are displayed in Table 1 . Patients with an optimal marital quality and patients with less optimal marital quality only differed in PCS and MCS scores at baseline. PCS and MCS were both higher for patients with optimal marital quality. This was not seen between not-lonely and lonely patients. Compared to non-lonely patients, lonely patients were more likely to have a higher BMI and were more likely to have a history of cardiovascular disease. 
Health status
Influence of marital quality on subjective health status
Outcomes of the GEE analyses are presented in Table 2 . There was a difference in changes over time in MCS between patients with optimal marital quality and patients with less optimal marital quality (Exp(B) 1.095; 95% CI 1.043-1.150). Because patients with less optimal marital quality had a significantly lower MCS score at baseline, an interaction term between group allocation and time measurement was added. After correcting for the baseline difference, there was no difference between patients with optimal marital quality and patients with less optimal marital quality (Exp(B) 1.030; 95% CI 1.000-1.062).
Influence of loneliness on subjective health status
Non-lonely patients had a higher MCS score (Exp(B) 1.076; 95% CI 1.017-1.139) than lonely patients. Because there was a small, even though not significant, difference in MCS at baseline an interaction term was added for this model as well. The difference in MCS between non-lonely patients and lonely patients turned out to be insignificant after the interaction term was fitted in the model (Exp(B) 0.994; 95% CI 0.961-1.027), implying that there was no difference between non-lonely and lonely patients when corrections for baseline MCS differences were made.
Discussion
This study shows that improvements in subjective health status are not influenced by both marital quality and loneliness during CR. Patients with less optimal marital quality improve more in subjective health status from a relative perspective than patients with optimal marital quality ( Figure 2 ). However, patients with less optimal marital quality had a lower baseline value of PCS and MCS than patients with optimal marital quality, therefore there was more to gain. This hypothesis is supported by the results of our GEE analysis in which we correct for baseline differences.
Although improvements in subjective health status were seen in all groups, less optimal marital quality patients as well as lonely patients did not reach the MCS level of a normative Dutch population at one-year follow-up. In contrast to patients with optimal marital quality and non-lonely patients. This difference might be explained by the baseline MCS difference. Interestingly, PCS and MCS kept increasing even after the cessation of CR. This might be explained by the effect of exercise training and group education sessions. Besides, patients that completed the CR programme are hypothetically more likely to maintain a healthy lifestyle.
Previous research has shown that poor marital quality is associated with adverse health outcomes and lower levels of personal well-being. 8, 10 Loneliness is associated with increased cardiovascular disease and mortality and is a predictor of poor quality of life. [12] [13] [14] [15] In this study lonely patients and patients with less optimal marital quality also showed lower subjective health status scores and these results are in line with these studies.
Social support has been shown to be important for improving mental health status. 22, 23 In addition, a lack of social support is associated with persisting or worsening anxiety and depression after an acute cardiac event. 24 A CR programme offers the opportunity for patients to have social interactions with other patients, clinicians, nurses and social workers. For lonely patients especially, CR might be good to reduce feelings of loneliness and, thus, increase quality of life. Therefore, it is important to address marital quality and loneliness for each patient individually.
This research has shown that less optimal marital quality and loneliness are associated with a lower mental health status score one year after CR. These patients should receive extra care and support in a CR programme to increase their mental health status in the long term.
Limitations
We used an imputation method for the SF-12, MMQ6 and UCLA-R in case of missing answers. However, for our dependent variables (SF-12) cases with more than three missing items were not imputed and therefore excluded from analysis. Another limitation is the amount of patients that were lost during follow-up. Hence, a GEE model was used so data could be efficiently used and power of analysis could be maintained.
Conclusions
To our knowledge, this is the first study to examine marital quality and loneliness as possible predictors for subjective health status in combination with CR. No differences were found in changes over time in health status between patients with optimal marital quality compared to patients with less optimal marital quality and non-lonely patients compared to lonely patients. However, both patients with less optimal marital quality and lonely patients did not reach the MCS level of a healthy Dutch population. Therefore, extra care and support should be given to these patients in a CR programme.
